Recent inelastic-neutron-scattering measurements of a low-energy phonon in Bi 2 Sr 2 CaCu 2 O 8 provide enough information to place a lower bound on the energy gap magnitude at precise locations on the Fermi surface. Measurements of a few low-energy phonons should indicate whether the gap symmetry is d x 2 −y 2 .
anharmonicity and electron-phonon coupling for these modes. The purpose of this Communication is to point out that the temperature-dependence of the 5meV phonon, which was used as a control in this experiment, provides some information about the superconducting energy gap at precise locations on the Fermi surface. In previous work 2 I presented a method, using measurements of phonon anomalies, to determine the energy-gap anisotropy in a superconductor with a quasi-two-dimensional Fermi surface. In this Communication I will apply this method to the 5meV phonon. If the temperature-dependence of other low-energy phonons were probed, more information about the anisotropy of the gap could be obtained.
The behavior of phonon anomalies in superconductors without quasi-two-dimensional Fermi surfaces is well-known. If the superconducting gap is isotropic, the minimum energy for a phonon to decay into two quasiparticles is twice that gap. This produces an anomaly in a phonon dispersion curve at low temperature when the curve crosseshω = 2∆, where ∆ is the superconductor's gap. The anomaly also manifests itself in a temperature-shift of the phonon's linewidth across T c (observed first 3 in Nb 3 Sn). When the energy gap is anisotropic, the anomaly is smoothed.
If the Fermi surface is quasi-two-dimensional, however, the anomaly remains sharp and is momentum-dependent in a useful way 2 . The minimum energy for a phonon of wavevector q to decay into two quasiparticles in such a superconductor depends on the 2 gap magnitude at a discrete number of points on the Fermi surface (different for each phonon). These points can be determined by placing the phonon momentum vector on the Fermi sea such that its head and tail are located on the Fermi surface. The gap magnitude at the location of the head and the location opposite the tail determine the minimum energy according to the following equation:
where k 1 and k 2 are the two locations on the Fermi surface described above and ∆( k) is the superconductor's gap as a function of momentum. The locations k 1 and k 2 are the only places where momentum conservation ( k 1 + k 2 = q) can be satisfied and low-energy excitations exist.
The minimum, or threshold energy∆( q) defines a surface in energy-momentum space. 
